Abstract. This study seeks to uncover the role played by the public sector wage premium in explaining the output volatility. Furthermore, the study also explores the factors that might substantiate the cross-country differences in the volatility of the public sector wage premium. Using cross-sectional regression analysis for the European Union countries, the findings indicate that more volatile public sector wage premium is associated with higher fluctuations in the private sector employment and less stable growth. Findings also suggest that volatility of the public sector wage premium tends to be larger in countries with smaller governments and in countries where collective bargaining is the predominant regime for public sector wage setting.
Introduction
In most advanced economies public sector makes up for a notable fraction of the total employment. The sheer size of it and the fact that public sector employers compete with their private sector counterparts for workers suggest that public sector employment policies may alter private sector employment and compensation decisions and consequently affect the economic stability.
Previous studies have shown that public sector wage premium (average compensation in the public sector relative to the average compensation in the private sector) tends to be positive in many developed countries (Kollintzas, Papageorgiou, & Vassilatos, 2015) which may carry implications for the labour market. In fact, it has been shown that private sector wages and employment are very responsive to changes in public sector wages (European Commission, 2014) and that an increase in public sector wages may have negative side-effects e.g. loss of international competitiveness (Lane & Perotti, 2003) , reduced private sector profitability (Alesina, Ardagna, Perotti, & Schiantarelli, 2002) and lower productivity (Kollintzas et al., 2015) .
PUBLIC SECTOR WAGE PREMIUM AND OUTPUT VOLATILITY IN THE EUROPEAN UNION
Karlis VILERTS 1* Despite the consequences that mere existence of the public sector wage premium can cause, the dynamics of the public sector wage premium (and its economic effect) have often been neglected in the literature. Therefore, the main objective of this study is to investigate the macroeconomic effects of the public sector wage premium volatility, in particular how it affects the economic stability. Using cross-sectional regression analysis for EU countries over the period 1995-2016 the study investigates whether higher fluctuations in the public sector wage premium add to the volatility of the private sector employment and therefore amplify the output volatility. The second part of empirical analysis explores the determinants of the cross-country variation in volatility of the public sector wage premium.
Main findings of the study reveal that countries with more volatile public sector wage premium tend to have higher output volatility. This effect, however, is of indirect nature. Fluctuations in the public sector wage premium add to the volatility of private sector employment which in turn has an adverse effect on the economic stability. The findings are robust if the total employment is used instead of the private sector employment, which rules out the possibility that private sector jobs are perfectly "crowded out" by public sector jobs.
Considering these adverse effects, the study investigates factors that might contribute to the volatility of the public sector wage premium. Results suggest that the volatility the public sector wage premium tends to be larger in countries with smaller governments, providing support to the hypothesis that smaller governments apply more monopolistic wage setting. Findings also reveal the importance of wage setting practices and institutions. The fluctuations of the public sector wage premium are approximately 50% lower in those countries where the predominant regime of wage setting in the public sector is collective bargaining (instead of the unilateral decision). There is little evidence that differences in other wage setting institutions or fiscal consolidation efforts contribute in explaining the cross-country variation in the public sector wage premium volatility. A small number of observations could, however, be a reason for the lack of significance.
The study is ordered as follows. Section 1 reviews previous literature, focusing on the strands related to the public sector wage premium and output volatility. Section 2 describes the data used in the study. Section 3 presents the main findings. Finally, the last section concludes.
Literature review
This study is related to two strands of literature. First investigates the channels through which fluctuations in the public sector wage premium might affect the output volatility. Second explores the factors that might substantiate the existence and variation of the public sector wage premium.
The negative consequences of high output volatility have been well established in the previous literature. In a seminal paper G. Ramey and V. A. Ramey (1995) show that countries with higher output volatility also tend to have lower growth. They argue that the negative costs of higher volatility come from the uncertainty-induced planning errors by firms (as suggested in G. Ramey & V. A. Ramey (1991) ). This has led to growing number of studies investigating the drivers of output volatility. Acemoglu and Zilibotti (1997) show that richer countries tend to have a more diversified economic structure in terms of sectoral composition which therefore reduces the exposure to asymmetric shocks and adds to macroeconomic stability. Easterly, Islam, and Stiglitz (2001) argue that countries that are more open to international trade and hence are more exposed to the external shocks also have more volatile output. It has also been shown that economic fluctuations tend to be lower in countries that have larger governments with more room for automatic stabilizers (Debrun, Pisani-Ferry, & Sapir, 2008; Gali, 1994) . Another set of studies suggest that active use of discretionary fiscal policy increases macroeconomic instability (Badinger, 2009; Badinger & Reuter, 2017; Fatas & Mihov, 2003) .
The labour market drivers of output volatility and particularly the role played by the public sector wage premium, however, is relatively less explored. Boeing-Reicher and Caponi (2016) goes in that direction by showing that for a sample of U.S. metro areas higher public sector wages are associated with increased business cycle volatility.
The adverse side-effects of changes in public sector wages are mostly related to the linkages between public and private sector wages i.e. changes in public sector wages create labour movement between the sectors and affects the labour supply that is available to the private sector. This as a consequence changes the price of the labour (equilibrium wage) in the private sector (Afonso & Gomes, 2008; European Commission, 2014; Holm-Hadulla, Kamath, Lamo, Perez, & Schuknecht, 2010) . In fact, the resulting increase in private sector wages has been associated with a loss of international competitiveness (Lane & Perotti, 2003) , lower private sector profitability (Alesina et al., 2002) and lower productivity (Kollintzas et al., 2015) .
Previous studies that have explored the potential implications of the public sector wage premium have mostly focused on the average size of the premium. Although averages are certainly informative, they might not reveal the whole story, particularly when investigating how public sector wage premium affects the private sector employment. Previous evidence on the cyclical response of wages suggests that relatively rigid public sector jobs become more attractive during the economic downturn when the public sector wage premium is higher whereas the opposite is true in an upswing (Caponi, 2017a; Gomes, 2015; Lane, 2003; Quadrini & Trigari, 2007) . 1 In the light of the above, the average public sector wage premium (which over the cycle would be closed to long-term mean) might not fully reflect the effect which the public sector wage premium exert on the private sector employment. In order to capture this interaction, we explore the volatility of the public sector wage premium as a potential determinant of the fluctuations in private sector employment.
Another strand of literature investigates the factors which substantiate the existence of the public sector wage premium.
Using a broad sample of OECD countries Campos, Depalo, Papapetrou, Perez, and Ramos (2017) show that size and composition of the public sector contribute in explaining the cross-country variation in the public sector wage premium. They argue that countries with lower shares of government employees should also have higher public sector wage premium. This is due to higher specialization in the provision of public sector goods and services which could result in a more monopolistic wage setting. A similar hypothesis is also developed in more theoretical models (see Kollintzas et al., 2015) .
Other factors that might explain the amplitude and the volatility of the public sector wage premium are related to wage setting practices and institutions which often differ between public and private sectors. The evidence from the previous studies highlights several factors, in particular, responsiveness of public sector wages to changes in productivity, degree of centralization in public sector wage setting, and labour market protection. For example, Gomes (2015) show that procyclicality in the public sector wage setting can reduce the part of the public sector wage premium that is brought about by different reaction of public and private sector wages to changes in productivity. Caponi (2017b) develops a regional model of segmented labour markets and shows that degree of public sector wage setting centralization matters. He argues that since homogenous public sector wages need to be attractive in the highly productive regions, the same wage results in a high public sector wage premium in less productive regions. Campos et al. (2017) show that countries with more stringent employment protection tend to have higher public sector wage premiums. They argue that higher public sector wages are needed to offset better (safer) conditions in the private sector.
Overall, previous literature on factors which substantiate the existence of the public sector wage premium, provide a valuable insight into the potential determinants of its volatility.
Data
The sample covers 27 European Union countries over the period 1995-2016. 2 The primary source of data used throughout the study is Eurostat, however, some additional variables are taken from other data sources (see appendix A1 for a list of all variables used in the study and the respective sources).
In the baseline specification compensation per employee is used as a measure of wages in both sectors. Compensation per hour worked as well as wages and salaries per employee (and per hour worked) are also used to test the robustness of findings. Compensation per employee in each sector is computed by dividing compensation of employees over a number of employees in the respective sector. Compensation of employees (as well as the number of employees) in the private sector is obtained by deducting compensation of employees (number of employees) in the public sector from the compensation of employees (number of employees) in the total economy. The public sector is defined by the National Accounts (NACE sectors O, P and Q public services, healthcare and education). Public sector wage premium is obtained by dividing the public sector wage measure over the respective measure for the private sector. Table 1 reports summary statistics for the sample used in the study.
On average, the compensation per employee in the public sector has been 1.05 times higher than in the private sector. Nevertheless, notable heterogeneity exists between the countries. In Cyprus and Portugal compensation per employee in the public sector is approximately 60% higher than in private sector. The ratio is the lowest in Sweden where public sector employees earn on average 20% less than their private-sector counterparts. Overall, public sector employees earn more in most of the countries with exception of Sweden, Slovakia, the Netherlands, Belgium, Latvia, Lithuania, Estonia France, Finland and Germany.
The average volatility of the public sector wage premium is 0.09, however, it varies from country to country. With some exceptions, volatility of the public sector premium seems to be higher in Central and Eastern European countries, in particular, Romania and Latvia. In contrary, fluctuations are the lowest in Western European countries, especially in Germany, Sweden, the Netherlands and Belgium. 
Main findings

Public sector wage premium and the output volatility
In this section, we explore the relationship between the public sector wage premium and the output volatility. Figure 1 shows a dot plot of both variables in the 27 EU countries. Figure 1 provides stylized evidence of a positive relationship between both variables i.e. countries with higher fluctuations in the public sector wage premium also tend to have less stable growth.
Next, the relationship is explored econometrically.
where Out c σ is the log standard deviation of growth in real GDP per capita in a country c,
is the log standard deviation of the public sector wage premium, X j,c is a vector of j covariates which could affect the output volatility, and α j are the respective regression coefficients. These include government size defined as government expenditure over GDP, openness to international trade which is measured as a sum of imports and exports over GDP, and log of real GDP per capita. c ∈ is the error term. Table 2 reports the main findings.
Column (1) of the Table 2 shows that higher volatility of the public sector wage premium is also associated with higher output volatility. The coefficient does not change significantly if other control variables are added to the equation (column 2). Regarding the control variables, coefficients for government size and trade openness turn out to be vaguely significant. Figure 1 . Volatility of the public sector wage premium and the output volatility (source: author's calculations using Eurostat data)
Notes: volatility of the public sector wage premium is calculated as a standard deviation of a ratio of compensation per employee in public and private sectors.
The signs of coefficients provide some support for previous studies which have argued that variability of the output is lower in countries with larger governments those that are less exposed to external shocks. 3 The volatility of the public sector wage premium is likely to affect the economic stability indirectly by inducing fluctuations in private employment. In times when relative wages in public sector significantly exceed wages in the private sector, employees from the latter could seek the employment in the former. The opposite would be true in times when private sector wages exceed wages in the public sector. The results in column (3) reveal that the coefficient for the volatility of the public sector wage premium turns insignificant when the volatility of the private sector employment is added to the regression, thus supporting the indirect effect hypothesis.
The indirect effect of fluctuations in the public sector wage premium on the output volatility is further explored in Table 3 which reports the two-stage least squares (2SLS) estimates. 2SLS approach can be split into two parts: (a) the first stage uses the volatility of public sector wage premium along urbanization rate to instrument the volatility of the private sector employment; and (b) the second stage which employs the obtained private sector employment volatility to explain the output volatility. Another benefit of using the 2SLS approach is that it considers the potential endogeneity of private sector employment. Indeed, fluctuations in private sector employment might not be completely exogenous to output volatility. For example, shocks that impact the demand for domestically produced goods could also affect the private sector employment.
The upper panel of Table 3 (column 1) confirms the indirect relationship. Coefficient estimates indicate that 1% increase in the volatility of the public sector wage premium translates 3 Insignificance of other control variables might partially be due to relatively homogenous sample of 27 EU countries. Notes: * p < 0.1, ** p < 0.05, *** p < 0.01 standard deviation in the parentheses. Volatility of the public sector wage premium is defined as a standard deviation of a ratio of compensation per employee in public and private sectors. Constant included, but not reported. into a 0.3% increase in the volatility of private sector employment. In turn, the lower panel of Table 3 indicates that the respective increase of the private sector employment volatility is nearly perfectly (0.985) reflected in increased output volatility.
A valid argument could be raised that fluctuations of the private sector employment are perfectly offset by changes in the public sector employment (crowding out effect) leaving the volatility of the total employment unaffected by changes in the public sector wage premium. Estimates in column (2), however, reveal that the relationship holds even when the private sector employment volatility is replaced by the volatility of the total employment. The estimates of both first stage and second stage regressions are nearly identical.
These findings provide support for Caponi (2017a) who suggests that in a presence public sector wage premium (penalty) individuals might accept a temporary unemployment in order to obtain a public (private) sector job. Similar conclusions are reached by Algan, Cahuc, Notes: * p < 0.1, ** p < 0.05, *** p < 0.01 standard deviation in the parentheses. Volatility of the public sector wage premium is defined as a standard deviation of a ratio of compensation per employee in public and private sectors. Constant included, but not reported.
and Zylberberg (2002) who look at a panel of OECD countries and find that each additional public sector job is offset by one and a half jobs lost in the private sector.
Robustness checks
To test the sensitivity of the findings, alternative definitions of the public sector wage premium are used as a dependent variable. The 2SLS estimates are summarized in Table 4. 4   Table 4 . Estimated relationship between volatility of the public sector wage premium and output volatility (2SLS) alternative definitions of the public sector wage premium Notes: * p < 0.1, ** p < 0.05, *** p < 0.01 standard deviations in the parentheses. Volatility of the public sector wage premium is defined as a standard deviation of a ratio of (1) compensation per hour; (2) wages and salaries per employee; (3) wages and salaries per hour in both sectors. Constant included, but not reported.
Since the interaction between public and private sector wages could also be affected by changes in hours worked, a ratio of compensation per hour in public and private sectors is used as an alternative definition of the public sector wage premium. The estimates (column 1) confirm the robustness of the main findings. In fact, fluctuations in hourly wage premium seem to have even more pronounced effect on the volatility of the private sector employment. In columns (2) and (3) wages and salaries are used instead of compensation measures. Overall, the estimates reconfirm the robustness of the relationship between the public sector wage premium, the private sector employment and the output volatility.
Determinants of the public sector wage premium volatility
Considering the economic importance discussed in previous sections, this section uses crosscountry variation in the volatility of the public sector wage premium to explore the factors that might explain it.
When choosing the set of covariates which might determine the volatility of the public sector wage premium we follow Campos et al. (2017) who highlight main arguments on why public sector wage premium might differ from country-to-country: (a) differences in the size of the public sector; (b) differences in wage setting institutions and practices; and (c) fiscal consolidation efforts.
Previous literature has shown that smaller governments with a higher degree of monopolistic power in the provision of certain goods and services tend to have higher public sector wage premiums (Kollintzas et al., 2015) . The size of governments might also play a role in explaining the volatility of the public sector wage premium. Wages in the smaller governments with uncompetitive wage settings could be less responsive to the changes in productivity and hence add to the fluctuations of the public sector wage premium. Figure 2 provides some stylized evidence that larger governments (defined as public sector employment share in total employment) tend to have the lower volatility of the public sector wage premium in the sample of 27 EU countries. Notes: volatility of the public sector wage premium is calculated as a standard deviation of a ratio of compensation per employee in public and private sectors. Government size is defined as public sector employment share in total employment.
Based on previous findings on the determinants of the public sector wage premium several variables reflecting wage setting practices and institutions were also added to the regressions. These include prevalence of the collective bargaining in the public sector; centralization in public sector wage setting; and stringency of employment protection.
Finally, consolidation efforts which governments of various EU countries took as a response to the recent economic crisis is another potential determinant of fluctuations in the public sector wage premium. To take this into account we follow Campos et al. (2017) and define fiscal consolidation efforts as a difference of cyclically adjusted primary balance (CAPB) between 2012 and the minimum from the period 2007-2012. 5 Due to a limited number of observations, we test each set of variables separately. Findings are summarized in Table 5 .
First, in column (1), the negative relationship between the government size and the volatility of the public sector wage premium is confirmed i.e. countries with larger governments have lower fluctuations in the public sector wage premium. A 1 percentage point increase in public sector employment share is translated into 0.077% decrease in the public sector wage premium volatility.
Columns (2) and (3) present the coefficient estimates for variables related to the wage setting practices and institutions. 6 Similar to the findings in Campos et al. (2017) there is little evidence on the role played by the wage-setting institutions in explaining the public sector wage premium. One exception is the variable that reflects whether the predominant regime of wage setting in the public sector is 5 Countries undertook the consolidation efforts at different periods in time, therefore the flexibility in the definition of fiscal effort. 6 We test EPL separately because inclusion of it significantly reduces the number of observations. Notes: * p < 0.1, ** p < 0.05, *** p < 0.01 standard deviation in the parentheses. Volatility of the public sector wage premium is defined as a standard deviation of a ratio of compensation per employee in public and private sectors. Government size is defined as public sector employment share in total employment. Constant included, but not reported. Definitions and sources of other variables available in the Table 1A. collective bargaining as opposed to a unilateral decision which enters the regression significantly. The estimates suggest that collective bargaining in the public sector reduces the fluctuations by approximately 50%. This finding reinforces Gomes (2015) argument that more procyclical public sector wage setting scales down the differences in how public and private sector wages react to productivity shocks which in turn reduce the public sector wage premium (and its volatility). Although the coefficient for centralization bears the expected sign, it is insignificant.
Finally, the estimates in column (4) show that fiscal consolidation does not significantly affect the volatility of the public sector wage premium.
The findings are robust with respect to other definitions of the public sector wage premium (not reported, but available upon a request).
Conclusions
Using the data for EU member states over the period 1995-2016 this study investigates whether fluctuations in the public sector wage premium increase the volatility of the private sector employment and therefore amplify the output volatility. This study adds to existing literature by focusing on the volatility instead of the magnitude of the public sector wage premium.
The findings suggest that countries with more volatile public sector wage premium tend to have higher fluctuations in the private sector employment which in turn amplifies the business cycle volatility. In addition to providing support for previous evidence on the adverse effects of public sector wage premium, these findings highlight the necessity to consider not only the size but also the volatility of the public sector wage premium.
Given these economic implications, this study also explores the factors that contribute in explaining the cross-country variation in the volatility of the public sector wage premium.
Overall, findings suggest that the volatility of the public sector wage premium tends to be larger in countries with smaller governments (which might apply more monopolistic wage setting).
Wage setting practices and institutions do not appear to be significant factors in explaining the public sector wage premium. The only exception is the prevalence of collective bargaining in the public sector. The volatility of the public sector wage premium is approximately 50% lower in those countries where collective bargaining is the predominant regime for public sector wage setting as opposed to the unilateral decision. This finding supports the notion that more procyclical public sector wage setting may be beneficial in terms of economic stability.
There are various limitations to the study, therefore the findings should be treated as indicative evidence instead of unequivocal truth. First of all, as a consequence of choosing a rather homogenous sample, the number of observation used in the empirical analysis is rather small. Furthermore, the definition of the public sector wage premium does not take into the consideration that characteristics of the employees in each sector could differ. In the light of the above, further studies could look into the explore the problem by employing the conditional public sector wage premium.
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